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The Innovative Partnerships 
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The Lunar 
Reconnaissance 
Orbiter Camera 
(LROC) took these 
images of several 
previous lunar 
landing sites

Apollo 11 lunar module, Eagle

Apollo 14 lunar module, Antares

Apollo 15 lunar module, Falcon

Apollo 16 lunar module, Orion

Apollo 17 lunar module, Challenger

Apollo 11 Moon Landing
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2"%1-2-#3'#)'-2.'/",1,+,..#".:

?(?D'-.'#3,'#)'.,>,3'-3.2"5&,32.'#3'?@('24%2'%",'
4,0/-3$'2#'+4%"%+2,"-^,'24,'053%"'.5")%+,'%31'/"#>-1,'
-&/#"2%32'1%2%<'/%>-3$'24,'9%L'2#'",25"3'45&%3.'2#'
24,'&##3:'?(?D=.'/"-&%"L'#AY,+2->,'-.'2#'&,%.5",'
24,'053%"'.5")%+,',0,>%2-#3'%31'/"#15+,'%'$,#1,2-+'
2#/#$"%/4-+'&%/'#)'24,'&##3')#"'053%"'.+-,3+,'
.251-,.'%31')525",',I/0#"%2-#3.:'74-.'9-00'%-1')525",'
&-..-#3.'AL'/"#>-1-3$'2#/#$"%/4-+%0'1%2%')#"'.%),'
0%31-3$.'%31',34%3+,',I/0#"%2-#3T1"->,3'&#A-0-2L'
#3'24,'&##3:'

[#3+,->,1'%31'A5-02'AL'%'2,%&'#)',3$-3,,".'%31'
.+-,32-.2.'%2'8DED=.'6#11%"1'E/%+,']0-$42'[,32,"<'
?(?D'-.'%'1,.+,31%32'#)'24,'K%".'("A-2,"'?%.,"'
D02-&,2,"'BK(?DC'24%2'9%.'U#93'#3'24,'K%".'
60#A%0'E5">,L#"'./%+,+"%)2'%31'24,'K,"+5"L'
?%.,"'D02-&,2,"'BK?DC'24%2'-.'+5"",320L'1,/0#L,1'
#3'KHEEH86H@'B8DED=.'KH"+5"L'E5")%+,<'
E/%+,'H8>-"#3&,32<'6H#+4,&-.2"L<'%31'@%3$-3$'
&-..-#3C:'?(?D'/,")#"&.'.-&-0%"'2%.J.'2#'24%2'#)'-2.'
/",1,+,..#".<'A52'-2'1#,.'.#'9-24'%'24",,'2#'*>,'2-&,.'
$",%2,"'0,>,0'#)'%++5"%+L'24%3'K(?D'%31'2-&-3$'
",.#052-#3'24%2'-.'.-$3-*+%320L'A,22,"'24%3'K?D:

74,'/"-&%"L'5/$"%1,'2#'?(?D'-.'24,'5.,'#)'
%'1-))"%+2->,'#/2-+%0',0,&,32'B_(HC'2#'./0-2'%'
.-3$0,'0%.,"'/50.,'-32#'*>,'A,%&.<'/"#15+-3$'*>,'
-31,/,31,32'&,%.5",&,32.'%+"#..'%'.9%24'%31'
+",%2-3$'%'&#",'1,2%-0,1'&%/'#)'24,'0#+%0'2#/#$"%/4L'
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531,".2%31-3$'#)'24,'0#+%0'.0#/,'%31'2,""%-3<'94-+4'
$->,.'5.'%'A,22,"'0%31-3$'.-2,'.+%0,'2#/#$"%/4L'9-24'
%'.-3$0,'&,%.5",&,32<a'.%-1'?5-.'@%&#.TW^;5-,"1#<'
?(?D'#/2-+.'0,%1:'`74,'5/$"%1,')"#&'%'.-3$0,'0%.,"'
-3'/",>-#5.'0%.,"'%02-&,2,".'2#'*>,'#3'?(?D'-.'%3'
,I+-2-3$'%1>%3+,&,32'24%2'4%.'%0",%1L'$,3,"%2,1'
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.L.2,&'24%2'52-0-^,.'%'.&%00'2,0,.+#/,'#3'%'4-$4TA,%&'
%32,33%'2#'#/2-+%00L'1,2,+2'%31'2-&,.2%&/'0%.,"'

LOLA Breaks New Ground with Detailed Topographic Data 
from the Moon

LOLA is delivering valuable data and stunning images of the lunar 
surface, like this relief map of the the south polar region of the moon
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WWCc%31'24,L'4%>,'A,,3'9#"J-3$'+0#.,0L'9-24'
6#11%"1=.'W33#>%2->,'!%"23,".4-/.'!"#$"%&'BW!!C'
()*+,'#3'/#2,32-%0'+#&&,"+-%0-^%2-#3'#)'24,'?(?D'
2,+43#0#$L:

`74,'0,..#3.'0,%"3,1')"#&'24-.'&-..-#3'%",'
-&/#"2%32')#"'24,'1,>,0#/&,32'#)'24,'3,I2'
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 “The upgrade from a 

single laser in previous 

laser altimeters to five 

on LOLA is an exciting 

advancement that has 

already generated some 

amazing images of the 

south polar region of the 

moon.

— Luis Ramos-Izquierdo,  
 Optics Lead,  
 LOLA 

a

NASA image courtesy of Erwan Mazarico
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 “It has been an honor 

and a real pleasure 

to be the project 

manager for this 

mission.  I have 

the joy of getting 

to be proud of over 

300 people who 

dedicated their lives 

to LRO's success 

over the past 4 1/2 

years.

— Craig Tooley,  
 Project Manager,  
 Lunar    
 Reconnaissance   
 Orbiter project 

a

As the Lunar Reconnaissance Orbiter (LRO) project 
manager at NASA’s Goddard Space Flight Center, 
Craig Tooley is responsible for the development and 
execution of the LRO mission. Tooley talks about this 
groundbreaking mission and how LRO went from 
inception to launch in less than 4 1/2 years.

Could you tell us a little bit about the projects you 
worked on before LRO?

W'+%&,'2#'6#11%"1'-3'QRde'%)2,"'",+,->-3$'%'
A%+4,0#"'#)'.+-,3+,'-3'&,+4%3-+%0',3$-3,,"-3$')"#&'
24,'f3->,".-2L'#)'H>%3.>-00,'-3'W31-%3%'%31'4%>,'
A,,3'4,",',>,"'.-3+,<',%"3-3$'%'&%.2,"=.'1,$",,'
-3'&,+4%3-+%0',3$-3,,"-3$'%2'24,'f3->,".-2L'#)'
K%"L0%31'%0#3$'24,'9%L:'W'./,32'24,'*".2'4%0)'#)'&L'
+%",,"'9#"J-3$'#3'./%+,'.45220,T",0%2,1'/"#Y,+2.<'
-3+051-3$'.,">-3$'%.'24,'&-..-#3'&%3%$,"'%31'
&,+4%3-+%0'0,%1')#"'*>,'.5++,..)50'E/%"2%3'.#0%"T
.+-,3+,'&-..-#3.:

D)2,"'9#"J-3$'-3'24,'.45220,'9#"01<'W'&#>,1'#3'2#'A,'
24,'1,/52L'/"#Y,+2'&%3%$,"')#"'24,'7"-%3%'&-..-#3<'
%3'H%"24T#A.,">-3$'.%2,00-2,'2#'A,'/0%+,1'%2'%'.53T
,%"24'0-A"%2-#3'/#-32'24%2'-.')500L'1,>,0#/,1'%31'24%2'
8DED<'2#$,24,"'9-24'8(DD'<'3#9'/0%3.'2#'0%53+4'
-3'PNQP:'W'24,3'Y#-3,1'24,'g5AA0,'.,">-+-3$'$"#5/<'
94,",'W'9#"J,1'%.'/%"2'#)'24,'HGD'.,">-+-3$'2,%&'
24%2'1,>,0#/,1'/"#+,15",.'%31'2"%-3,1'%.2"#3%52.')#"'
24,'.5++,..)50'g5AA0,'E,">-+-3$'K-..-#3'eh'-3'PNNP:'
W&&,1-%2,0L'A,)#",'A,-3$'%.J,1'2#'.2%"2'5/'?@('-3'
PNNM<'W'0,1'24,'g5AA0,'E/%+,'7,0,.+#/,'W3.2"5&,32'
_,>,0#/&,32'()*+,<'#>,".,,-3$'24,'1,>,0#/&,32'
#)'-3.2"5&,32.'2#'A,'-3.2%00,1'15"-3$'24,')#5"24'%31'
*3%0'g5AA0,'.,">-+-3$'&-..-#3:

How would you describe your day-to-day 
responsibilities as LRO project manager?

W2'4%.'A,,3'%3'4#3#"'%31'%'",%0'/0,%.5",'2#'A,'24,'
/"#Y,+2'&%3%$,"')#"'24-.'&-..-#3:'W'4%>,'24,'Y#L'
#)'$,22-3$'2#'A,'/"#51'#)'#>,"'eNN'/,#/0,'94#'
1,1-+%2,1'24,-"'0->,.'2#'?@(=.'.5++,..'#>,"'24,'/%.2'
M'QVP'L,%".:'

74,'1,>,0#/&,32'#)'24,'?@('./%+,+"%)2'9%.'
%3'-3T4#5.,'&-..-#3<'.#'&L'"#0,'%.'24,'/"#Y,+2'
&%3%$,"'/"-#"'2#'0%53+4'9%.'%'0-220,'1-)),",32'24%3'
)#"'%'&-..-#3'9-24'%'/"-&,'+#32"%+2#"<'94,",'24,'
./%+,+"%)2'-.'/"#+5",1:'6#11%"1',..,32-%00L'.,">,1'
%.'24,'/"-&,'+#32"%+2#"<'.#'-3'%11-2-#3'2#'J,,/-3$'
%3',L,'#3'/"#$"%&&%2-+'%./,+2.'#)'24,'&-..-#3'
.5+4'%.'A51$,2'%31'.+4,150,<'W'./,32'&5+4'#)'&L'
2-&,'1-",+20L'9#"J-3$'9-24'24,',3$-3,,"-3$'%31'
1,>,0#/&,32'2,%&'24%2'1,.-$3,1<')%A"-+%2,1<'%31'
1,>,0#/,1'24,'./%+,+"%)2<'94-+4'-3'&%3L'9%L.'4%.'
A,,3'24,'&#.2'.%2-.)L-3$'/%"2'#)'24,'&-..-#3:'

8#9'24%2'24,'./%+,+"%)2'-.'UL-3$<'W'.,">,'%.'%'
&-..-#3'1-",+2#"'9-24'",./#3.-A-0-2L')#"'&%3%$-3$'
#/,"%2-#3.<'&%J-3$'.5",'24%2'%00'#)'24,'94,,0.'
%",'25"3-3$'/"#/,"0L'%31',>,"L24-3$'-.'$#-3$'%.'
/0%33,1:'74,'#/,"%2-#3.'2,%&'1#,.'&#.2'#)'24,'/#.2T
0%53+4'9#"J<'%024#5$4'24,'.L.2,&.',3$-3,,".'%31'
24,',3$-3,,"-3$'2,%&'%",',3$%$,1'15"-3$'24,'-3-2-%0'
+#&&-..-#3-3$'/4%.,:'X-24-3'24,'3,I2'),9'&#324.<'
&L'"#0,'0-J,0L'9-00'A,'2"%3.-2-#3,1'2#'24,'E/%+,'E+-,3+,'
K-..-#3'(/,"%2-#3.'BEEK(C'$"#5/'4,",'%2'6E][:

How did the scope of the LRO mission evolve?

X4,3'?@('#"-$-3%00L'9%.',3>-.-#3,1'-3'PNNM<'-2'
9%.'1,.-$3,1'2#'A,'#3,'-3'%'.,"-,.'#)'53&%33,1'
&-..-#3.'2#'24,'&##3:'X,'9,",'/%"2'#)'%'.2%A0,'#)'
/"#Y,+2.'531,"'%'0%"$,"'/"#$"%&'4,",'%2'6E][:'?@('
,>#0>,1'94,3'8DED=.'HI/0#"%2-#3'EL.2,&.'K-..-#3'
_-",+2#"%2,'BHEK_C'1,+-1,1'24%2'9,'1-13=2'3,,1'2#'
UL'%3L'%11-2-#3%0'53&%33,1'&-..-#3.'2#'24,'&##3<'
%31'-2'9,32')"#&'A,-3$',&A,11,1'-3'%3'-32,$"%2,1'
/"#$"%&'2#'A,-3$'%'.2%31T%0#3,'/"#Y,+2'4,",'%2'
6#11%"1:'

How is LRO paving the way for NASA to go back to the 
moon and beyond?

74,'/"-&%"L'#AY,+2->,'#)'?@('-.'2#'+#315+2'
-3>,.2-$%2-#3.'2#'/",/%",')#"')525",'053%"'
,I/0#"%2-#3:''?@('9-00'.+#52')#"'.%),'%31'+#&/,00-3$'
053%"'0%31-3$'.-2,.<'0#+%2,'/#2,32-%0'",.#5"+,.'
9-24'./,+-%0'%22,32-#3'2#'24,'/#..-A-0-2L'#)'9%2,"'
-+,<'%31'+4%"%+2,"-^,'24,',)),+2.'#)'/"#0#3$,1'
,I/#.5",'2#'24,'053%"'"%1-%2-#3',3>-"#3&,32:'?@(=.'
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Craig Tooley

code: 451

years with NASA: 26

field of research:  
Spacecraft Systems

birthplace:  
Dallas, Texas

education:  
BS, Mechanical 
Engineering, University 
of Evansville
MS, Mechanical 
Engineering, University 
of Maryland

-3.2"5&,32'/%L0#%1'+#3.-.2.'#)'.,>,3'.+-,32-*+'
-3.2"5&,32.')"#&'/%"23,"'-3.2-252-#3.'%"#531'24,'
3%2-#3'%31'24,'$0#A,<'-3+051-3$'#3,'-3.2"5&,32'
+#32"-A52,1'AL'24,'W3.2-252,')#"'E/%+,'@,.,%"+4'
-3'K#.+#9:'74,.,'-3.2"5&,32.'9-00'/"#>-1,'053%"'
-&%$,"L<'2#/#$"%/4L<'2,&/,"%25",.<'%31'&#",:

@,25"3-3$'2#'24,'&##3'9-24'?@('9-00'%0.#',3%A0,'
24,'/5".5-2'#)'.+-,32-*+'%+2->-2-,.'24%2'%11",..'
)531%&,32%0';5,.2-#3.'%A#52'24,'4-.2#"L'#)'H%"24<'
24,'.#0%"'.L.2,&<'%31'24,'53->,".,c%31'%A#52'#5"'
/0%+,'-3'24,&:'

?@('9%.'0%53+4,1'#3'%3'D20%.'G'MNQ'"#+J,2'-3'
O53,'%31'9-00'A,'-3'%'+#&&-..-#3-3$'#"A-2'532-0'
E,/2,&A,"'Q\<'94-0,'9,'2,.2'%31'+%0-A"%2,',;5-/&,32:'
W2'24,3'9-00'&#>,'2#'-2.'*3%0'#"A-2<'%'+-"+50%"'/#0%"'
#"A-2'%//"#I-&%2,0L'\N'J&'BeQ'&-0,.C'%A#>,'24,'
.5")%+,'#)'24,'&##3:'?@('9-00'./,31'%'L,%"'-3'24,'
8DED'HI/0#"%2-#3'&-..-#3<'+#00,+2-3$'1,2%-0,1'
-3)#"&%2-#3'%A#52'24,'&##3'%31'-2.',3>-"#3&,32:'
(3+,'24,'HI/0#"%2-#3'/4%.,'-.'+#&/0,2,1<'8DED'
E+-,3+,'9-00'2%J,'24,'J,L.'2#'?@('%31'UL'-2')#"'%2'
0,%.2'P'L,%".'%.'%'.+-,32-*+<'1-.+#>,"LT1"->,3'/"#Y,+2:

How were you able to get LRO from concept to launch 
in less than 4 1/2 years?

74,'.+4,150,')#"'?@('9%.',>,3'&#",'%$$",..->,'
24%3'24,'+%0,31%"'9#501'-31-+%2,:'f30-J,'&#.2'
&-..-#3.<'3#'/",0-&-3%"L'.251-,.'#"'/",T!4%.,'D'
9#"J'9,",'1#3,')#"'?@(i'9,'A%.-+%00L'.2%"2,1'9-24'
%3'#AY,+2->,'%31'%'A0%3J'.0%2,:'E#<'-2'9%.'%'>,"L'
1%532-3$'.+4,150,')"#&'24,'A,$-33-3$:

74,'&#.2'-&/#"2%32')%+2#"'-3'#5"'.5++,..'245.')%"'
-.'24%2'9,'4%>,'%3',I2"%#"1-3%"L'2,%&'#)'/,#/0,'
9#"J-3$'#3'24-.'/"#Y,+2:'X,'.2%"2,1'9-24'%'+#",<'
%0&#.2'25"3J,L'2,%&'94#'9,",'>,"L')%&-0-%"'9-24'
,%+4'#24,"'%31'4%1',I/,"-,3+,'9#"J-3$'#3'/"#Y,+2.'
9-24'2-$42'1,%10-3,.:'X4,3'9,'%..,&A0,1'24,'-3-2-%0'
?@('2,%&<'9,'9,",')#"253%2,'2#'$,2'24,'-31->-15%0.'
94#'9,'9%32,1'2#'Y#-3'#5"'2,%&'%.'&%3L'#)'24,&'
.#5$42'2#'Y#-3'24,'&-..-#3'#3'24,-"'#93'-3-2-%2->,:'D.'
9,'A"#5$42'-3'3,9'/,#/0,<'24,L'4%>,'%..-&-0%2,1'-32#'
%31'",.#3%2,1'9-24'24,'+#",'2,%&'>,"L'9,00:''''

[#00,+2->,0L'%31'-31->-15%00L<'9,';5-+J0L'1,>,0#/,1'
#/,3'%31'4#3,.2'1-%0#$5,<'94-+4'9%.',..,32-%0'
A,+%5.,'#)2,3'/,#/0,'4%1'A,,3'%.J,1'2#'1#'24-3$.'
&5+4')%.2,"'24%3'&%J,.'24,&'+#&)#"2%A0,:'X,=1'
/5.4'2#'&%J,';5-+J'1,+-.-#3.'%.'#//#.,1'2#'
/#31,"-3$')#"'%'0#3$'2-&,<'A52'9,'%0.#'J,,/'24,'0-3,.'
#)'+#&&53-+%2-#3'#/,3'%31'&%J,'%1Y5.2&,32.<',>,3'
",>,".,'1,+-.-#3.<'94,3'3,+,..%"L:''

(24,"'J,L')%+2#".'%",'24%2'24,'1,.-$3'#)'24,'&-..-#3'
%.'9,00'%.'24,'4%"19%",'9,'5.,1'9,",',3$-3,,",1'
)"#&'24,'A,$-33-3$'2#'%+4-,>,'#5"'&-..-#3'#)'
,I/0#"-3$'24,'&##3'%31'A"-3$-3$'A%+J'%'&502-T
)%+,2,1'%20%.'#)'-3)#"&%2-#3'2#',3%A0,'24,'3,I2'.2,/.'
)#"'.,31-3$'45&%3.'2#'24,'&##3:'74,'/5"/#.,'
#)'24,'&-..-#3'9%.'3#2'2#'1,>,0#/'.2%2,T#)T24,T%"2'
2,+43#0#$Lc9,'Y5.2'1-13=2'4%>,'2-&,')#"'24%2c
24#5$4'9,'1-1'&%J,'.#&,',I+-2-3$'2,+43#0#$L'
%1>%3+,&,32.:'D.'&5+4'%.'/#..-A0,<'9,'%1%/2,1'
,I-.2-3$'2,+43#0#$L'2#'&,,2'#5"'3,,1.:']#"',I%&/0,<'
24,'053%"'-3.2"5&,32.'#3'?@('%",'%00'>%"-%2-#3.'#)'
-3.2"5&,32.'24%2'%",'#/,"%2-3$'%"#531'#24,"'/0%3,2.'
-3'24,'.#0%"'.L.2,&:'W3'%",%.'94,",'9,'&#>,1'24,'
2,+43#0#$L')#"9%"1<'9,'#)2,3'1",9')"#&'2,+43#0#$L'
24%2'9%.'%0",%1L'-3'/"#15+2-#3'%2'6#11%"1:'W3'
+",%2-3$'24,'./%+,+"%)2<')#"'-3.2%3+,<'9,'2%//,1'
-32#'.2%2,T#)T24,T%"2'2,+43#0#$L'24%2'9%.'%0",%1L'
A,-3$'1,>,0#/,1'%2'6#11%"1<'-3+051-3$'2,+43#0#$L'
24%2'9%.'-3'/"#15+2-#3')#"'24,'E#0%"'_L3%&-+.'
(A.,">%2#"L'BE_(C:

Can you give some other examples in which LRO is 
responsible for the creation or evolution of state-of-
the-art technology? 

74,'.2%2,'#)'24,'%"2')#"'/",+-.-#3T/#-32,1'4-$4T'
$%-3'&502-TA%31'+#&&53-+%2-#3'%32,33%'.L.2,&.'
%2'6E]['3#9'",.-1,.'-3'?@(<'24%3J.'2#'24,'9#"J'
24%2'#5"',3$-3,,".'4%>,'1#3,'2#'1,>,0#/'24,'?@('
g-$4T6%-3'D32,33%'EL.2,&'Bg6DEC:'g6DE'A,$%3'
531,"'24,'E_('%31'?@('%1%/2,1'24,'1,.-$3')#"'
24,'4%".4'053%"',3>-"#3&,32:''74,'#>,"%00'?@('
+#&&53-+%2-#3'.L.2,&'-3+051,.'%'3,90L'1,.-$3,1'

(continued on page 10)
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Technical Details
74,'E/%+,'?-3J'HI2,3.-#3'j'@,25"3'[4%33,0']"%&,.'BE?HT@[]C'.#)29%",'
0-A"%"L'B6E[TQ\M\dTQC'-.'A,-3$'5.,1'AL'24,'?@('&-..-#3:'W2'4,0/.'2#'&#3-2#"'
24,'4,%024'%31'.%),2L'#)'./%+,+"%)2'AL',3%A0-3$'./%+,'%$,3+L'$"#531'.5//#"2'
%31'&-..-#3'+#32"#0'+,32,".'2#'1,>,0#/'.2%31%"1-^,1'%31'-32,"#/,"%A0,'
&-..-#3'+#32"#0'%//0-+%2-#3.')#"'./%+,'2,0,&,2"L'1%2%:'74,'.#)29%",'0-A"%"L'
,0-&-3%2,.'24,'3,,1')#"'&-..-#3.'2#'-&/0,&,32'+5.2#&'1%2%'+#&&53-+%2-#3'
1,.-$3.'2#'+#&&53-+%2,'9-24'%3L'$"#531'.2%2-#3:'74,'29#'&%-3'2%.J.'
%++#&/0-.4,1'>-%'24,'E?HT@[]'.#)29%",'0-A"%"L'%",'/"#+,..-3$'5.,"'",;5,.2.'
%31'",+,->-3$'1%2%')"#&'$"#531'.2%2-#3.'%31'$"#531'.5//#"2'%..,2.:'74,'
.#)29%",'0-A"%"L'+#32%-3.'24",,'0%L,".k

' l'SLE (Space Link Extension)
  )#"'24,'%A.2"%+2'9#"J-3$.'#)'24,'/"#2#+#0

' l'DEL (Decoding and Encoding Layer)
  2#'1,+#1,'%31',3+#1,'24,'%A.2"%+2'&,..%$,.'5.,1'AL'24,'E?H'0%L,"

' l'TML (Transport Mapping Layer)
  2#'2"%3.),"'24,',3+#1,1'&,..%$,.'>-%'.#&,'531,"0L-3$'2"%3./#"2''
' ' 0%L,"'/"#2#+#0<'.5+4'%.'%.'24,'2"%3.&-..-#3'+#32"#0'/"#2#+#0'B7[!C

74,'0-A"%"L'%++,/2.'+#3*$5"%2-#3'#"'E?HT@[]'1-",+2->,.')"#&'24,'5.,"'
%31'",./#31.'%++#"1-3$0L:'W3+#&-3$'1%2%<'A#24'2,0,&,2"L')"%&,.'%31'.2%25.'
&,..%$,.<'%",'/"#+,..,1'%31'24,'%//"#/"-%2,'+%00A%+J'"#52-3,.'%",'2"-$$,",1'
AL'24,'0-A"%"L:

Key LRO Technologies

The Lunar Reconnaissance Orbiter and Lunar Crater 
Observation and Sensing Satellite bound for the moon, 
June 18, 2009
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Benefits
l''()),".'.-&/0,'-&/0,&,32%2-#3'+#32%-3-3$'0,..'24%3''
eN'"#52-3,.'B94,",%.',I-.2-3$'E?HT@[]'0-A"%"-,.' 
+#32%-3'&#",'24%3'Q<NNN'"#52-3,.C<'4,0/-3$'2#' 
-3+",%.,'",0-%A-0-2L'%31',%.-3$'&%-32,3%3+,' 
%31',34%3+,&,32

l''@,15+,.'+#.2.'AL'.-$3-*+%320L'",15+-3$'24,'35&A,"' 
#)'/,#/0,'%31'2-&,'3,,1,1'2#'1,>,0#/'3,9'
.#)29%",i')#"',I%&/0,<')#"'?@(<'94%2')#"&,"0L'
9#501'4%>,'2%J,3'*>,'/,#/0,'9#"J-3$'#3,'L,%"'2#'
%11'%31'&#1-)L',I-.2-3$'.#)29%",<'2##J'#30L'#3,'
/,".#3'9#"J-3$'e'&#324.'2#'1,>,0#/'3,9'.#)29%",

l''H3%A0,.'$"#531'.2%2-#3.'%31'&-..-#3'5.,"')%+-0-2-,.' 
%+"#..'1-)),",32'./%+,'%$,3+-,.'2#'-32,"#/,"%2,' 
9-24#52'24,'3,,1')#"'%1'4#+'%31'+5.2#&'1%2%' 
+#&&53-+%2-#3.'1,.-$3.

Applications
l''X#"019-1,'&-..-#3'+#32"#0'+,32,".

LOLA's range imaging system can optically detect laser pulses from Earth, 
determining LRO's precise orbit position

Space Link Extension – Return Channel Frames

!e Lunar Reconnaissance Orbiter (LRO) employs many advanced innovations 
developed at Goddard and in collaboration with other organizations. !e 
applications and bene#ts for these technologies are advantageous for many other 
industries as well. !e following section highlights several important LRO 
innovations.
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A view of the control room at NASA's Goddard Space Flight Center in Greenbelt, 
Maryland, where engineers managed the LRO's arrival at the moon
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NASA screen captures from the FlexPlan program

FlexPlan Mission Planning System
Technical Details 
]0,I!0%3'B6E[TQ\\\dTQC'/"#>-1,.'./%+,'%$,3+-,.'9-24'%'$,3,"-+'&-..-#3'/0%33-3$'
%31'.+4,150-3$'.#)29%",'/"#15+2'24%2'#/2-&%00L'#"$%3-^,.<'.+4,150,.<'%31'/0%3.'
&-..-#3'%+2->-2-,.'#3'24,'$"#531'%31'#3A#%"1'./%+,+"%)2c,3%A0-3$'$"#531'
#/,"%2#".'2#'&#3-2#"'24,'.2%25.'#)'&,&#"L'+#32,32'#3A#%"1'24,'./%+,+"%)2'
%31'24,'/"#$",..'#)'/0%33,1'%+2->-2-,.'24"#5$4#52'24,'&-..-#3:']0,I!0%3=.'
+#&/#3,32.'%",'1->-1,1'-32#'29#'+%2,$#"-,.k

!" Core components 
      &#150,.'",./#3.-A0,')#"'24,'$,3,"%2-#3'#)'+#3U-+2T)",,'.+4,150,.

!" Supporting components 
      &#150,.'.5//#"2-3$'24,'%11-2-#3%0'",;5-",&,32.'#)'?@('%31')#"''
'''''''.2%25.'%9%",3,..'#)'/0%33,1'%+2->-2-,.

f.,".'+%3'1,*3,'U-$42'"50,.'%31'&-..-#3'"50,.'%.'9,00'%.',>,32.<'",.#5"+,.'
B-3+051-3$'%>%-0%A-0-2L'/"#*0,.C<'2%.J.<'%31'#/,"%2-#3.'#)'24,'&-..-#3:'f.-3$'24-.'
-3)#"&%2-#3<'&%.2,"'.+4,150,.'%",'+",%2,1'2#'1,*3,'./,+-*+'.+,3%"-#.'-3'24,'
&-..-#3'%31'A",%J'24,'&-..-#3'5/'-32#'%.'&%3L'.+,3%"-#.'%.'24,'5.,"'./,+-*,.:'
D11-2-#3%0'2##0.'1,2,+2'%31'",.#0>,'+#3U-+2.'"%-.,1'AL'24,'.+4,150,'$,3,"%2#":

]0,I!0%3=.'&#150%"'%"+4-2,+25",'%00#9.'-2.'+#&/#3,32.'2#'-32,"%+2'>-%'%'1%2%A%.,<'
,3%A0-3$'>%"-#5.'+#&/#3,32.'2#'"53'%2'1-)),",32'2-&,.'#"'+#3+5"",320L'AL'
&502-/0,'#/,"%2#".:'74,']0,I!0%3'%"+4-2,+25",'%00#9.'-2'2#'A,',%.-0L',I2,31,1'9-24'
%11-2-#3%0'&#150,.'2#'.5//#"2'./,+-*+'&-..-#3'",;5-",&,32.'#"'3,,1.:'W2'4%.'%'
`/05$$%A0,a'%"+4-2,+25",'24%2'5.,.'%'/5A0-+0L'%>%-0%A0,'mK?'-32,")%+,'2#'%1%/2'
,%.-0L'2#'1-)),",32'2L/,.'#)'&-..-#3.'9-24#52'24,'3,,1'2#'+#3*$5",'24,',I2,"3%0'
-32,")%+,'2#'%'./,+-*+'-3/52')#"&%2:'

W3'%11-2-#3<']0,I!0%3'5.,.'%3'W_'.L.2,&'2#'2"%+J'
,>,"L'#52/52'#3'24,'.+4,150,'2#'24,'-3/52')"#&'94-+4'
-2'9%.'$,3,"%2,1:'74-.',3%A0,.'24,'.L.2,&'2#'5/1%2,'
24,'.2%25.'#)'%00'%+2->-2-,.'-3'%'X,ATA%.,1'+0-,32:'
74,'#/,"%2-#3.'2,%&'+%3'+4%3$,'%00'24,',0,&,32.'
1,*3,1'-3'24,'&-..-#3'/0%33-3$'/"#+,..'15"-3$'24,'
#/,"%2-#3%0'0-),2-&,'#)'24,'&-..-#3:

Benefits
l' ?#9,".'#/,"%2-#3'%31'&%-32,3%3+,'+#.2.'AL'5.-3$'
E#)2'D0$#"-24&.<'/"#>-1-3$'$",%2'U,I-A-0-2L'24%2'
.5//#"2.'+4%3$,.'-3'24,'&-..-#3';5-+J0L'%31',%.-0L

l' ()),".'%'U-$42T/"#>,3<'4-$40L'+#3*$5"%A0,'1,.-$3'
24%2'+%3'A,',)*+-,320L'+#3*$5",1')#"'1-)),",32'
&-..-#3.'B.#&,2-&,.'2%J-3$'0,..'24%3'Q'&#324'2#'
-3+#"/#"%2,'3,9'&-..-#3'"50,.C

Applications
l' (24,"'8DED'&-..-#3.'-3+051-3$'?%31.%2'_%2%'
[#32-35-2L'K-..-#3'B?_[KC'%31'?%31.%2Td

l' (24,"'$#>,"3&,32'%$,3+-,.'-3+051-3$'24,'
H5"#/,%3'E/%+,'D$,3+L'BHEDC'%31'24,'H5"#/,%3'
("$%3-^%2-#3')#"'24,'HI/0#-2%2-#3'#)'K,2,#"#0#$-+%0'
E%2,00-2,.'BHfKH7ED7C

l' D3L'&-..-#3'-3>#0>-3$'./%+,+"%)2
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LRO's High-Gain Antenna System stretches out toward the camera in this 
photo, taken in a clean room at NASA's Goddard Space Flight Center in 
Greenbelt, Maryland
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LRO High-Gain Antenna System

Technical Details 
("-$-3%00L'1,>,0#/,1'531,"'8DED=.'E#0%"'
_L3%&-+.'(A.,">%2#"L'BE_(C'/"#$"%&<'
,34%3+,&,32.'-3'?@(=.'g-$4T6%-3'D32,33%'
EL.2,&'Bg6DEC'-3+#"/#"%2,'%'4-$4'1%2%T"%2,'b%T
A%31'+#&&53-+%2-#3'0-3J'%.'9,00'%.'%3'ETA%31'
0-3J')#"'2"%+J-3$<'2,0,&,2"L<'%31'+#&&%31'#) '24,'
./%+,+"%)2'B6E[TQ\\QdTQC:'

74,'g6DE'),%25",.'%3'%I-%00L'.L&&,2"-+'15%0'
",U,+2#"'-3'%'[%..,$"%-3'+#3*$5"%2-#3<'%31'%'
.,+#31%"L'",U,+2#"'.5//#"2,1'AL'.2"52.'#>,"'%'
/"-&%"L'",U,+2#":'74-.'.,+#31%"L'",U,+2#"'),%25",.'
%3',&A,11,1']",;5,3+L'E,0,+2->,'E5")%+,'B]EEC'
2,+43#0#$L<'94-+4',3%A0,.'15%0'5.,'#) '%'.-3$0,'
%32,33%:'D'b%TA%31'),,1'4#"3'-.'&#532,1'%2'
24,'A%.,'#) '24,'/"-&%"L'",U,+2#"<'%31',3,"$L'),1'
2#'24,'4#"3'"%1-%2,.'2#'24,'.,+#31%"L'",U,+2#"<'
-005&-3%2-3$'24,'/"-&%"L'",U,+2#":'74,'%32,33%=.'
&%-3'"%1-%2-#3'A,%&'-.')#"&,1'/",1#&-3%320L'AL'
24,',3,"$L'1-.2"-A52-#3'#3'24,'/"-&%"L'",U,+2#":'
74,'ETA%31'),,1'-.'4#5.,1'-3.-1,'24,'.,+#31%"L'
",U,+2#"<'%2'24,')#+%0'/#-32'#) '24,'/"-&%"L'",U,+2#":'
74,'.,+#31%"L'",U,+2#"'-.'2"%3./%",32'2#'24,'
ETA%31'),,1=.'"%1-%2-#3'%31'",U,+2.'24,'b%TA%31'
"%1-%2-#3')"#&'24,'+#""5$%2,1'4#"3'),,1<'0#+%2,1'
%2'-2.'#52,"')#+%0'/#-32:'@%1-%2-#3')"#&'24,'ETA%31'
),,1'/%..,.'.,%&0,..0L'24"#5$4'24,'.,+#31%"L'
",U,+2#"'%31'-.'",U,+2,1'AL'24,'/"-&%"L'",U,+2#"<'
)#"&-3$'24,'ETA%31'A,%&:'

Benefits
l' D00#9.'+-"+50%"'/#0%"-^%2-#3'%2'9-1,'%3$0,.'%31'
&%-32%-3.'/#0%"-^%2-#3'/5"-2L'%31'/,")#"&%3+,'
A,+%5.,'#)'-2.'3#>,0<'+#&/%+2'ETA%31'),,1'
1,.-$3

l' W3+#"/#"%2,.'%'0%.,"T"%3$-3$'2,0,.+#/,'24%2'
&,%.5",.'24,'1-.2%3+,'A,29,,3'24,'H%"24'%31'
24,'./%+,+"%)2'2#'9-24-3'QN'+&

l' H&/0#L.']EE'2,+43#0#$L'2#',3%A0,'24,'15%0'5.,'
#)'#3,'%32,33%'Bb%T'%31'ETA%31C<',0-&-3%2-3$'
24,'3,,1')#"'29#'.,/%"%2,'%32,33%.<'0#9,"-3$'
+#.2.<'%31'%>#-1-3$'%3'-&/"%+2-+%0'&,+4%3-+%0'
%31'@]'.L.2,&'1,.-$3

Applications
l' E/%+,+"%)2'24%2'5.,.'A#24'b%T'%31'ETA%31'
+#&&53-+%2-#3'0-3J.

l' E%2,00-2,'+#&&53-+%2-#3'A5.-3,..,.

l' [#&&,"+-%0'%32,33%.'#>,"'%'>%"-,2L'#)'
A%319-124.

The LRO spacecraft sits horizontally, showing its entire instrument suite
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Technical Details
D'_-.25"A%3+,T(/2-+.T[#32"#0.TE2"5+25",.'B_([EC'7##0A#I'B6E[TQ\ed\TQC'
-.'%')"%&,9#"J')#"'/,")#"&-3$'-32,$"%2,1'&#1,0-3$'#)'+#&/0,I'.L.2,&.:'W2'
%00#9.'&#1,0.')"#&'1-)),",32'1-.+-/0-3,.'B-3+051-3$'A52'3#2'0-&-2,1'2#'.2"5+25"%0'
1L3%&-+.<'#/2-+.<'%31'+#32"#0.C'2#'A,'+#5/0,1<',3%A0-3$'%3',31T2#T,31'/",1-+2-#3'
#)'.L.2,&'/,")#"&%3+,'-3'24,'#/,"%2-#3%0',3>-"#3&,32:'

]#"'?@(<',34%3+,&,32'#)'24,'_([E'7##0A#I'%00#9,1'%3%0L.-.'#)'1-.25"A%3+,.'
$,3,"%2,1'AL'%'.2,//,"'&#2#"'&,+4%3-.&:'b3#93'%.'24,'?@('_L3%&-+'K#1,0<'
24-.',34%3+,1'>,".-#3'-3+#"/#"%2,.'.2,//,"'&#2#"'Y-22,"'1L3%&-+.'2#'/",1-+2'
-32,"%+2-#3'A,29,,3'&#2#"',0,+2"#1L3%&-+.'%31'#A.,">%2#"L'U,I-A0,'&#1,.:'
74,'3#2%A0,'%//"#%+4'#)'+#&A-3-3$'24,'&%35)%+25","F.'.2,//,"'&#2#"'&#1,0'
9-24'24,'?@('O-22,"'&#1,0<'1,>,0#/,1'-3'24,'_([E')"%&,9#"J<'9%.'+4#.,3'
A,+%5.,'-2'0,>,"%$,1',I-.2-3$'&#1,0.<'%00#9,1'%++,..'2#'24,'_([E'.5-2,'#)'2##0.<'
%31'4%1'%'.-$3-*+%32'4,"-2%$,:'f.-3$'24,'?@('_L3%&-+'K#1,0',3%A0,1'%3%0L.-.'
#)'24,'?@(T-315+,1'Y-22,"')#"'%'"%3$,'#)'%+25%2#"'./,,1.<',0,+2"-+%0'%31')"-+2-#3'
/%"%&,2,".<'&#2#"'1"->,"'/%"%&,2,".<'%31'.2"5+25"%0'/%"%&,2,".c,3%A0-3$<'
531,"'24,'9#".2T+%.,'%..5&/2-#3.')#"'%00'/%"%&,2,".'+#&A-3,1<'24,'?@('.2-00'
2#'A,'+%/%A0,'#)'&,,2-3$'-2.'#/2-+%0'/#-32-3$'",;5-",&,32:'74,'_([E'7##0A#I'
4%.'A,,3'>%0-1%2,1'#3'24,'?@('_L3%&-+'K#1,0'B+#&/"-.,1'#)'*3-2,',0,&,32'
.2"5+25"%0<'#/2-+%0<'%31'+#32"#0'&#1,0.C:' LR

O
 te

ch
no
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LRO Dynamic Model

Benefits
l' f.,.',I-.2-3$'.2,//,"'&#2#"'%31'1-.+-/0-3,'
&#1,0.'2#'%>#-1'%3'%11-2-#3%0<'+#.20L'&#1,0'
1,>,0#/&,32',))#"2<'94-+4'+%3'",;5-",'
%3L24-3$')"#&'.,>,"%0'%3%0L.2.'B#3,')#"',%+4'
1-.+-/0-3,C'5/'2#'%'0%"$,'2,%&'#)')500'2-&,'
%3%0L.2.'B1,/,31-3$'#3'&#1,0'+#&/0,I-2LC

l' H&/0#L.',I-.2-3$'&#1,0.'2#'%00#9'"-.J'
&-2-$%2-#3',%"0L'-3'24,'1,.-$3'/"#+,..')#"'
-1,32-*+%2-#3'#)'%3L'/#2,32-%0'Y-22,"'/"#A0,&.'
%31'",15+-3$'24,'+#.2'#)'%3L'",;5-",1'Y-22,"'
&%3%$,&,32'#"'",1,.-$3')#"'Y-22,"'",15+2-#3'

Applications
l' (24,"'8DED'&-..-#3.'-3+051-3$'24,'O%&,.'
X,AA'E/%+,'7,0,.+#/,'B OXE7C<'24,'E#0%"'
_L3%&-+.'(A.,">%2#"L'BE_(C<'%31'24,'
7,"",.2"-%0'!0%3,2']-31,"'B7!]C

l' 6"#531TA%.,1'2,0,.+#/,.
l' _-.J'%31'#/2-+%0'1"->,'%3%0L.-.
l' D52#&#2->,'%31'%-"+"%)2'3#-.,'%31'>-A"%2-#3'
,)),+2.'%3%0L.-.

Technical Details
74,'W32,$"%2,1'7",31-3$'%31'!0#22-3$'EL.2,&'BW7!EC'B6E[TQ\\ePTQC'-.'%'
+#&/",4,3.->,'2##0')#"'.2#"%$,<',I2"%+2-#3<'%31'%3%0L.-.'#)'./%+,+"%)2'4#5.,J,,/-3$'
2,0,&,2"L'1%2%:'W2'",/#"2.'-3)#"&%2-#3'2#',3$-3,,".<'$"#531'+#32"#00,".<'%31'
.+-,32-.2.'",$%"1-3$'.2%25.'%31'4,%024'#)'./%+,+"%)2'%31'-3.2"5&,32.:']-".2'
1,>,0#/,1')#"'?%31.%2'n<'W7!E'9%.',34%3+,1')#"'?@('2#'/"#>-1,'%'&#",'U,I-A0,'
3,29#"J'-32,")%+,'.5//#"2-3$'/5A0-.4<'.5A.+"-A,<'%31'&,..%$-3$:'74-.'+%/%A-0-2L'
%00#9.')#"'/05$T%31T/0%L'%31'0##.,0L'+#5/0,1'-32,")%+,.'A,29,,3'24,'2",31-3$'
.L.2,&'%31'24,'",.2'#)'24,'&-..-#3'#/,"%2-#3.'2##0.:'745.<'24-.'.#)29%",'%00#9.'
?@('2#',>#0>,'%.'3,9'2,+43#0#$-,.'%",'1,>,0#/,1'#"'3,9'>,".-#3.'%",'+",%2,1<'
9-24#52'%)),+2-3$'#24,"'+#&/#3,32.'#"'.L.2,&.'-3'24,'&-..-#3'&%3%$,&,32'
,3>-"#3&,32:'W7!E'+%3'A,'5.,1'2#'&#3-2#"'24,'./%+,+"%)2'%31'+#&/#3,32.'
15"-3$'/",T0%53+4<'$"#531TA%.,1'-32,$"%2-#3'%31'2,.2-3$<'%31'15"-3$'0%53+4'%31'
,%"0L'#"A-2c,3%A0-3$'1-%$3#.2-+<'2",31-3$<'#"',%"0L'-..5,'-1,32-*+%2-#3:'

Benefits
l''f.,.'-3,I/,3.->,'/,".#3%0'+#&/52,"<'+#&&,"+-%0'#))'24,'.4,0)'B[(7EC<'%31'
$#>,"3&,32'#))'24,'.4,0)'B6(7EC'/"#15+2.'2#'",15+,'&-..-#3'#/,"%2-#3.'%31'
,3$-3,,"-3$'+#.2.

l''D00#9.'%++,..'2#'24,'+#&/0,2,')500T",.#052-#3'&-..-#3'2,0,&,2"L'1%2%'%"+4->,<'
",15+-3$'24,'2-&,'2#'/,")#"&'2,0,&,2"L'%3%0L.-.')"#&'5/'2#'.,>,3'1%L.'2#'%'),9'
4#5".

l''W3+",%.,.',)*+-,3+L'AL'"#52-3,'2%.J'%52#&%2-#3'%31'#30-3,'1%2%'%++,..
l''H3%A0,.'0#3$T2,"&'2",31-3$'%31'%3%0L.,.'AL'%++,..'2#'1%2%'#>,"'24,'0-),'#)'24,'

mission
l''W&/"#>,.'%++5"%+L'AL',3%A0-3$'&-..-#3'&%3%$,&,32'2#'/",1-+2'#"'2"#5A0,.4##2'
./%+,+"%)2'-..5,.'A,)#",'#"'%)2,"'24,L'#++5"<'AL'/"#>-1-3$'2-&,0L'%31'%++5"%2,'
%++,..'2#'%00'./%+,+"%)2'/%"%&,2,".

Integrated Trending and Plotting System
l''_,+",%.,.'"-.J'AL',3%A0-3$'&-..-#3'&%3%$,&,32'
2#'5/$"%1,<'2,.2<'#"'",/0%+,'+#&/#3,32.'9-24#52'
-&/%+2-3$'#24,"'+#&/#3,32.'#"'24,',I-.2-3$'.L.2,&'

l''],%25",.'%'&#150%"'1,.-$3<',3%A0-3$'-2.'5.,'-3'
>%"-#5.'&-..-#3.

Applications
l''(24,"'8DED'&-..-#3.'-3+051-3$'E_('%31'],"&-'
6%&&%T"%L'E/%+,'7,0,.+#/,'B)#"&,"0L'6?DE7C

l''E2#+J'&%"J,2'%3%0L.,.
l''D52#&#A-0,'%31'4#5.-3$'-315.2"L'2",31.'%31'
&%"J,2'%3%0L.,.

l''D3L'-315.2"-,.'24%2'3,,1'2#'/0#2'1%2%'2",31.

NASA screen capture from the Integrated Trending and 
Plotting System
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Data Management System

Technical Details 
74,'_%2%'K%3%$,&,32'EL.2,&'B_KEC'B6E[TQ\MnQTQC<'1,>,0#/,1')#"'24,'
?@('&-..-#3<'&%3%$,.'24,'U#9'#)'1%2%'/"#15+2.'A,29,,3'?@(=.'K-..-#3'
(/,"%2-#3.'[,32,"'BK([C'+#&/#3,32.'%31'A,29,,3'24,'K(['%31'24,'
E+-,3+,'(/,"%2-#3.'[,32,".'BE([.C:'K%3%$,1'1%2%'/"#15+2.'-3+051,'.+-,3+,'
/"#15+2.'/"#15+,1'AL'24,'./%+,+"%)2<'/0%33-3$'/"#15+2.'5.,1'9-24-3'24,'K(['
%31'E([.<'0#%1'*0,.'2#'A,'5/0-3J,1'2#'24,'./%+,+"%)2<',2+:'74,'_KE'+#3.-.2.'
#)'%'1%2%A%.,<'%'9,A'/#"2%0<'%31'%'`+,32"%0'%$,32a'24%2'"53'#3'24,'_KE'.,">,"'
%31'`",&#2,'%$,32a'%//0-+%2-#3.'24%2'"53'#3'>%"-#5.'+#&/52,".'9-24-3'24,'
K([:'74,'_KE'-.'+#3*$5",1'>-%'%3'mK?'1#+5&,32'24%2'1,.+"-A,.'4#9'24,'
&-..-#3.F.'/"#15+2.'%31'&#1,0.'3#&-3%00L'U#9:'74,'",&#2,'%$,32.'&#3-2#"'
%31'+#32"#0'/"#15+2'U#9:'74,'+,32"%0'%$,32'1,2,+2.'%3#&%0-,.'AL'+#&/%"-3$'
24,'%+25%0'U#9'%.'",/#"2,1'AL'24,'",&#2,'%$,32.'%$%-3.2'24,'U#9'/",1-+2,1'
AL'24,'&#1,0:'74,'/#"2%0'.4#9.'94-+4'/"#15+2.'4%>,'A,,3'+",%2,1'%31'4#9'
24,L'4%>,'U#9,1<'%00#9.'%524#"-^,1'5.,".'2#'%//"#>,'/"#15+2.'.#'24%2'24,L'+%3'
+#32-35,'24,-"'U#9<'%31'%00#9.'_KE'%1&-3-.2"%2#".'2#'253,'24,'.L.2,&:'

Benefits
l' @,15+,.'&%3/#9,"'+#.2.'%..#+-%2,1'9-24'&%3%$-3$'/"#15+2.
l' !"#>-1,.'53-*,1'.+"-/2,1'/"#+,15",.'2#'U#9'/"#15+2.'A,29,,3'+#&/52,".'#"'
A,29,,3')#01,".'#3'24,'.%&,'+#&/52,"

l' !"#>-1,.'53-*,1'.+"-/2,1'/"#+,15",.'2#'A,$-3'24-"1'/%"2L'`/"#+,..-3$a'#)'
/"#15+2.

l' @,/#"2.'%31'",+#"1.'%3#&%0-,.'-3'24,'/"#15+2'U#9

l' @,/#"2.'%31'",+#"1.'94-+4'/"#15+2.'4%>,'A,,3'
/"#15+,1'%31'&,2"-+.'#3'4#9'24,L'4%>,'U#9,1

l' !"#>-1,.'%3'-32,")%+,'+#32"#0'1,.+"-/2-#3'#)'4#9'
,%+4'2L/,'#)'/"#15+2'-.',I/,+2,1'2#'U#9:''74,.,'
1%2%'U#9.'%",'$,3,"%2,1'%52#&%2-+%00L')"#&'24,'
_KE'&#1,0')#"'+#&/0,2,'.L.2,&'1#+5&,32%2-#3

l' !"#>-1,.'%'1%2%A%.,'+#32%-3-3$'%'4-.2#"-+%0'",+#"1'
#)'/"#15+2'U#9'%31'%'9,A'/#"2%0')#"';5,"L-3$'24,'
1%2%A%.,

l' !"#>-1,.'%'&,+4%3-.&')#"',0,+2"#3-+%00L'.-$3-3$V
%//"#>-3$'/"#15+2.'%31')#"'",;5-"-3$'24%2'
/"#15+2.'A,'%//"#>,1'A,)#",'24,L'+%3'U#9'A,L#31'
24,'`9%-2')#"'.-$3%25",a'0#+%2-#3

l' g,0/.'&%3%$,'3,29#"J'.%25"%2-#3'%31'
A%319-124'AL'0-&-2-3$'4#9'&%3L'/"#15+2.'+%3'
A,'.-&502%3,#5.0L'/5.4,1'#"'/500,1'A,29,,3'
+#&/52,".

Applications
l' (24,"'8DED'&-..-#3.'-3+051-3$'24,'?%31.%2'_%2%'
[#32-35-2L'K-..-#3'B?_[KC

l' E+-,3+,'#/,"%2-#3.'+,32,".'BE([.C
l' E+-,3+,'1%2%'%"+4->,.
l' W3>,32#"L'+#32"#0
l' E4-//-3$VU,,2'&%3%$,&,32''!

LR
O

 te
ch

no
lo

gi
es

b%TA%31'7"%>,00-3$'X%>,'75A,'D&/0-*,"'B7X7DC'94-+4'9%.'
-3'",.,%"+4'1,>,0#/&,32'%2'8DED=.'60,33'@,.,%"+4'[,32,"'
A52'9%.';5-+J0L'&#>,1')#"9%"1'2#'/"#15+2-#3')#"'?@(:''8#9<'
24,'g6DE'-.'A,-3$'-3+#"/#"%2,1'-32#'24,'60#A%0'!",+-/-2%2-#3'
K#3-2#"'B6!KC'&-..-#3<'%31'&%3L'#)'#5"',3$-3,,".'%",'
&#>-3$'#>,"'2#'6!K<'+#32-35-3$'24,'6#11%"1'2"%1-2-#3'#)'
.4%"-3$'2,+43#0#$L'.#'24%2'24,'3,I2'&-..-#3'1#,.'3#2'4%>,'2#'
",-3>,32'24,'94,,0:'''

D0.#<'24,'?@('U-$42'.#)29%",'4%.'A,,3'/4,3#&,3%00L'
.5++,..)50:'74-.'4%.'A,,3'#3,'#)'24,'&%3L'4-$40-$42.'#)'24,'
&-..-#3'1,>,0#/&,32:'74-.'-.'-32,",.2-3$'A,+%5.,'!"#Y,+2'
K%3%$,".'#)2,3'.2"5$$0,'9-24'.#)29%",'1,>,0#/&,32:'X4,3'W'
2%0J'9-24'/,#/0,'#52.-1,'#)'6#11%"1'%A#52'24,'?@('.#)29%",<'
24,L'%",'.5",'24%2'W'%&'3#2'2,00-3$'24,&'%A#52'24,'2"#5A0,<'A5$.<'
%31'53,I/,+2,1'+#.2.'9,',3+#532,",1'94-0,'1,>,0#/-3$'%31'
-&/0,&,32-3$'-2:'h52'#5"',I/,"-,3+,'4%.'A,,3'Y5.2'24,'#//#.-2,:'
W2'4%.'",%00L'A,,3'%'Y#L'2#'.,,'4#9'9,00'24,'.#)29%",'4%.'9#"J,1:'
E#&,'#)'24,'.#)29%",'-.'3,9'%31'A52'&5+4'#)'-2'-.'%3',>#052-#3'
#)'94%2'4%.'A,,3'5.,1'4,",'A,)#",<'-3+051-3$'24,'6E]['[#",'
]0-$42'HI,+52->,'B+]HC'94-+4'-.'%2'24,'4,%"2'#)'24,'?@('U-$42'

.#)29%",:'74,'5.,'#)'24,'+]H'#3'?@('",/",.,32.'24,'*".2'.2,/'
-3'%'&5+4'0%"$,"',))#"2'2#'/"#>-1,'%3'%52#&%2,1<'/0%2)#"&T
-31,/,31,32'.L.2,&'24%2'#)),".'",5.%A0,'.#)29%",'2#'%00'2L/,.'#)'
&-..-#3.:

oE,,'/%$,.'e'%31'STQN'#)'24-.'&%$%^-3,')#"'&#",'.2#"-,.'%A#52'
?@('2,+43#0#$-,.:p''

How has the IPP Office and technology transfer in general been 
important for LRO?

6#11%"1=.'1,1-+%2-#3'2#'2,+43#0#$L'1,>,0#/&,32<'",5.,<'%31'
.4%"-3$'9-24'3,I2T$,3,"%2-#3'&-..-#3.c94-+4'-.')#.2,",1'
%31',3+#5"%$,1'AL'24,'W!!'()*+,c-.'#3,'#)'24,'",%.#3.'24%2'
6#11%"1'$#2'24,'?@('&-..-#3:'8DED'J3,9'24%2'9,'+#501'
+#&/0,2,'24-.'&-..-#3';5-+J0L'%31'.5++,..)500L<'-3'/%"2'A,+%5.,'
#)'6#11%"1=.'2"%+J'",+#"1')#"'1,>,0#/-3$'%31'/"#&#2-3$'3,9'
2,+43#0#$-,.:'W'9#501'/#-32'2#'g6DE'%31'24,']0-$42'E#)29%",'
%.'./,+-*+',I%&/0,.:'74-.'&-..-#3'4%.'A,,3'%'2#2%0'2,%&',))#"2<'
%31'-2.'.5++,..'245.')%"'-.'%'.-$3-*+%32'%++#&/0-.4&,32'24%2'
.4#501'&%J,',>,"L#3,'%2'6#11%"1'/"#51:''!

Craig Tooley (continued from page 5)
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ds8DED=.'6#11%"1'E/%+,']0-$42'[,32,"'4%.'0#3$'>%05,1'%31')#.2,",1'24,'-33#>%2->,'./-"-2'#) '-2.'9#"01T+0%..'.+-,32-.2.'%31',3$-3,,".:'74-.'./-"-2'4%.'A"#5$42'

24,'9#"01'*".2T#)T%TJ-31'24-3$.c)"#&'/-+25",.'#) '24,'53->,".,'3,>,"'/",>-#5.0L'-&%$,1'2#'/0%3,2%"L',I/0#"%2-#3'+%/%A-0-2-,.'A,L#31'%3L24-3$'#5"'
%3+,.2#".'24#5$42'/#..-A0,:'6#11%"1'-.'",3#93,1')#"'4%>-3$'1,>,0#/,1'24,'&#.2'+522-3$T,1$,'-3.2"5&,32.')#"'./%+,'%31'H%"24',I/0#"%2-#3<'-3>,32-3$'
-&%$,'%3%0L.-.'2##0.'24%2'4%>,'A,,3'",+#$3-^,1'%.'W3>,32-#3.'#) '24,'q,%"<'%31'/"#>-1-3$'.2%2,T#)T24,T%"2'&-..-#3'#/,"%2-#3.'.L.2,&.:'
6#11%"1=.'W33#>%2->,'!%"23,".4-/.'!"#$"%&'BW!!C'()*+,',.2%A0-.4,1'24,'W$3-2-#3']531'-3'PNNR'2#'",-$3-2,'24,'-3>,32->,'./-"-2'#) '#5"'2%0,32,1',&/0#L,,.:'
74,'W$3-2-#3']531'9%.'1,>,0#/,1'2#'35"25",'24#.,'2,+43#0#$L'-1,%.'24%2'%",'3,-24,"'2,.2,1'3#"'-3'%'/#.-2-#3'2#'$,2'8DED'/"#$"%&'#"'/"#Y,+2')531-3$:'
D9%"1.'#) '5/'2#'r\N<NNN'9,",'%33#53+,1'-3'K%L')#"'24,')#00#9-3$'-31->-15%0.'%31'24,-"'/"#Y,+2.: !

Goddard IPP Office Ignition Fund Awards

Name Organization Technology Description

Geoff Bland SED Advanced Techniques for Kite-Based 
Observations

Develop two novel techniques for kite-based observations and further 
adapt instrumentation for these airborne platforms

William Brinckerhoff SED Two-Step Laser Mass Spectrometry for 
In-Situ Organic Analysis

Begin the preliminary definition and design of a miniature two-step 
laser mass spectrometer (L2MS) for in-situ organic microanalysis of 
solid samples

Jason Budinoff AETD Assembly of a Large Modular Optical 
Space Telescope

Design, create, and analyze a low-cost facility within ISS to be used to 
demonstrate key technologies for robotic telescope assembly in space

Manohar Deshpande AETD Wideband Antenna Design and 
Development Concept

Develop a single wideband antenna to cover all of the frequency bands 
(X-, Ku-, K-, and Ka-) that are important for the Snow and Cold Land 
Processes (SCLP) and Surface Water Ocean Topography (SWOT) 
missions

Kevin Fisher AETD Rapid Prototyping for On-Board 
Processing of Hyperspectral Data on 
SpaceCube 2.0

Create a SpaceCube 2.0 simulation environment and test its ability to 
perform specific tasks such as the analysis of hyperspectral data to 
detect or rapidly analyze disasters

Keith Gendreau SED Multiplexing X-ray Fluorescence Develop a dramatically different approach to X-ray Fluorescence (XRF) 
in which the detectors have simple requirements, can be made very 
large, and have design flexibility currently unavailable in existing XRF 
systems

Qian Gong AETD Point Diffraction Interferometer (PDI) for 
On-Orbit Wavefront Sensing

Design, fabricate, and test a simple method to measure a telescope’s 
wavefront, independent of the sensor instrument optics, using a PDI 
with a star as the source

John Hagopian AETD Multiwalled Carbon Nanotubes for Stray 
Light Suppression

Grow longer multiwalled carbon nanotubes (MWCNT), develop a 
technique to adhere carbon nanotubes to a substrate, and test the 
adhesion to provide stray light control

Sara Heap SED Development of DMD-Based Multi-Object 
Spectrograph

Design, build, and test a digital micromirror device (DMD)-based, 
multi-object spectrograph that works at optical wavelengths

William Heaps SED Precise, Robust Sensor for Atmospheric 
Methane 

Develop a small, simple sensor capable of measuring the total column 
of methane (CH4) and water vapor from space, using reflected sunlight

Mary Li AETD Next Generation Large-Format 
Microshutter Arrays (NGMSA)

Design, build, and test a single microshutter array module that will be 
100 times faster and 10 times smaller than state of the art

Richard Lyon SED Extremely Accurate Null Control for 
Exoplanets

Provide an optimal approach to null control with minimal hardware and 
demonstrate the approach in closed loop on an existing, upgraded null 
control breadboard

Daniel Mandl AETD NEREIDS—Near Real-Time Imagery for 
Disasters Satellites

Develop a mission concept for a constellation of three satellites to 
monitor disasters and emergencies with daily multispectral imaging

Samuel Moseley SED µ-Spec: A Revolutionary Compact High 
Performance Spectrometer 

Define the requirements for and produce a preliminary design for a 
low-weight high-performance spectrometer, and then design, build, 
and test a facility that can be used to test the performance of the 
revolutionary spectrometer

Bernard Rauscher SED NASA Participation in Characterization of 
HgCdTe Avalanche Photo Diode Arrays: A 
Path to an Infrared Photon Counting Array

Design, build, and test electronics that will be needed for tadpole 
devices for quantum astronomy

Ken Segal AETD Multi-Functional Composite Structure Design, fabricate, and test a lightweight composite thermal/
mechanical structure for a sounding rocket flight opportunity

Tim Stephenson AETD A Microfluidic Device for In-Situ Genomics 
on Mars

Define and design a miniaturized device capable of performing in-situ 
environmental shotgun sequencing of microbes collected from the 
Martian soil and returning the sequenced genetic information to Earth

Yun Zheng AETD Exploration of a New Non-Contact 
Stiffness Measurement Technology

Perform a technical feasibility study using non-contact stiffness 
measurements to measure nanomechanical properties of a Nano 
E-field Sensor

AETD = Applied Engineering and Technology Directorate
SED = Science and Exploration Directorate
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50-Year Spinoff Art Contest 
!"#$%&'())*'+',$--./-&01'23$4&3.56 
6#11%"1F.'W!!'()*+,'./#3.#",1'%'./,+-%0'%"2'+#32,.2')#"'.251,32.'
-3'S24'24"#5$4'QP24'$"%1,.<',3+#5"%$-3$'24,&'2#'-005.2"%2,'
24,'52-0-^%2-#3'#)'2,+43#0#$L'-3>,.2&,32.'24"#5$4'2,+43#0#$L'
2"%3.),"<'#"'./-3#)):'74,'9-33-3$'.5A&-..-#3<'1"%93'AL'O%'gL53'
sD.4,0Ls'?-&<'%'.251,32'%2'8#"24'[#532L'g-$4'E+4##0'-3'60,3'
h5"3-,<'K%"L0%31<'1,/-+2.'4#9'24,'W[\eQ'%32-+#""#.-#3'+#%2-3$'
24%2'#"-$-3%00L'9%.'1,>,0#/,1'2#'/"#2,+2'24,'0%53+4'/%1.'%2'
b,33,1L'E/%+,'[,32,"')"#&'"5.2'%31'/#0052-#3'3#9'%0.#'/"#2,+2.'
24,'E2%25,'#)'?-A,"2L:'

Next Steps in Managing Innovation 
!"#$%&'(1'())*'+'73&0%89$-1'23$4&3.56 
74,'W!!'()*+,<'6#11%"1=.'/%"23,"'(+,%3'7#&#<'W3+:<'%31'W!mW<'
W3+:'4#.2,1'24-.'53-;5,'9#"J.4#/'24%2'/"#>-1,1'-3)#"&%2-#3'
%A#52'/%2,32.<'0-+,3.,.<'%31'2,+43#0#$-,.'2#'+#&/%3-,.'-32,",.2,1'
-3'8DED=.'E&%00'h5.-3,..'W33#>%2->,'@,.,%"+4'BEhW@C'/"#$"%&:'
[#&/%3L'",/",.,32%2->,.'9,",'%A0,'2#'&,,2')%+,T2#T)%+,'9-24'
/,".#33,0')"#&'24,'W!!'()*+,<'(+,%3'7#&#<'%31'/"-&,'
+#32"%+2#".<'2#'%.J';5,.2-#3.'%31'$%-3'-3.-$42.'%A#52'%1>%3+-3$'
24,-"'-33#>%2-#3.')#"'+#&&,"+-%0-^%2-#3'/5"/#.,.:'

Federal Laboratory Consortium Annual Meeting 
!234':;<1'())*'+'=>3$&900-1'?9$0>'=3$9&%.36 
W!!'/,".#33,0'%22,31,1'24-.'3%2-#3%0'&,,2-3$<'%22,31-3$'2"%-3-3$'
%31'/%3,0'.,..-#3.:'W!!'()*+,'[4-,)'8#3%'[4,,J.'2%5$42'%'
`8#3T[@D_D'7,+43#0#$L'7"%3.),"'K,+4%3-.&.a'+0%..'%31'
2##J'/%"2'-3'%'/%3,0'%A#52'%5+2-#3-3$'),1,"%0'0%A'W!'0-+,3.-3$'
"-$42.:'7,+43#0#$L'7"%3.),"'K%3%$,"'_%""L0'K-2+4,00'/%"2-+-/%2,1'
-3'24,'g5&%3'W32,",.2'!%3,0<'94,",'4,'4-$40-$42,1'6#11%"1F.'

1,>,0#/&,32'#)'%'+#&/0-%32'+%A0,'Y#-32'2,+43#0#$L'24%2'9%.'0-+,3.,1'
2#'H315"#'K,1-+%0'7,+43#0#$L')#"'5.,'-3'%'"#A#2-+'/4L.-+%0'24,"%/L'
1,>-+,'+%00,1'E,+5",'D&A50%2-#3'K#150,'BEDKC:'

Technical Interchange Forum  
!234'@A1'())*'+'B-.C-$1'=9&9$3596 
74-.'&,,2-3$'A"#5$42'2#$,24,"'/,".#33,0')"#&'%+"#..'8DED=.'W!!<'
24,'.+-,32-*+'%31'2,+43#0#$-+%0'+#&&53-2L<'%31'?#+J4,,1'K%"2-3'
E/%+,'EL.2,&.'B?KEEC'[#&/%3L:''W!!',&/0#L,,.'%31'?KEE'
/,".#33,0'/",.,32,1'24,-"'",./,+2->,'/"#$"%&.'%31'2,+43-+%0'
+%/%A-0-2-,.:'h#24'#"$%3-^%2-#3.'5.,1'24,',>,32'%.'%'2-&,'2#',I/0#",'
/#..-A0,'/%"23,".4-/.'2#'%1>%3+,'A#24'8DED'%31'?KEE'&-..-#3.:

Goddard Celebrates 50 Years of Technology Spinoffs
(L-R): Greg Moores, Black & Decker; Fred Gregory, Former NASA 
Deputy Administrator and veteran shuttle astronaut; Nona Cheeks, 
Chief of Goddard's IPP Office; Doug Comstock, Director of NASA's 
IPP; Greg Cole, Mainstream Engineering Corporation; and Fitz Walker, 
Bartron Medical Imaging

Staff from IPP Office attended several events in summer 2009

The IPP Office's Nona Cheeks (left) and Jim Chern (center) speak with 
Olaleye Aina, President of Epitaxial Technologies LLC (right) at the 
Next Steps in Managing Innovation event

The IPP Office hosted an event in celebration of Goddard's 50th anniversary
(L-R): Doug Comstock; Janelle Turner, IPP HQ; Sharon Moore; Darryl Mitchell; 
Krystal Kennedy; Dwight Norwood; Carmela Goodall; Ted Mecum; Dale 
Clarke; Nona Cheeks (holding a model of the Black & Decker moon drill); Enidia 
Santiago-Arce; Irene Tzinis; Melissa Jackson; Laura Walker; Laura Shoppe, 
President of Fuentek; Rebecca Gillespie; and Fred Gregory
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Young attendees at Maryland's Place in Space event enjoyed the 
IPP Office's booth, where they could get a temporary NASA tattoo, 
(like the one Dwight Norwood applies to the hand of a young 
attendee, above) fun coloring books, and more

American Security Challenge  
!234'(@1'())*'+'D3E>%.F09.1'B=6 
@,/",.,32%2->,.')"#&'6#11%"1=.'W!!'()*+,'%.'9,00'%.'#24,"'
$#>,"3&,32'%$,3+-,.'%22,31,1'24-.',>,32<'94-+4'/"#>-1,.'>,4-+0,.'
)#"',&,"$-3$'2,+43#0#$-,.'2#'$%-3'%++,..'2#')531-3$<'+#32"%+2.<'#"'
#24,"'%9%"1.'2#'%..-.2'24,-"'>-.-#3'%31'-3-2-%2->,'-3'&%J-3$'24,'f:E:'
&#",'.,+5",:'7,+43#0#$L'7"%3.),"'K%3%$,"'7,1'K,+5&'$%>,'%'
/",.,32%2-#3'%A#52'`E,+5"-2L'D//0-+%2-#3.'#)'E,3.-3$'%31'_,2,+2#"'
_,>-+,.'5.,1')#"'H%"24'%31'E/%+,'E+-,3+,'!"#$"%&.a'%2'24,',>,32:

Maryland’s Place In Space 
!234'G)1'())*'+'73&0%89$-1'23$4&3.56 
[,0,A"%2-3$'6#11%"1=.'\N24'%33->,".%"L<'K%"L0%31=.'!0%+,'-3'
E/%+,'9%.'%'/5A0-+',>,32'%2'24,'h%02-&#",'[#3>,32-#3'[,32,":'74,'
W!!'()*+,=.'A##24'%2'24-.',15+%2-#3%0',>,32'%22"%+2,1'4531",1.'#)'
>-.-2#".<'-3+051-3$'24#.,'.251L-3$'"#A#2-+.'%2'0#+%0'.+4##0.:'74,.,'
.251,32.'9,",'%A0,'2#'%.J';5,.2-#3.<'0,%"3'%00'%A#52'2,+43#0#$L'
2"%3.),"<'%31'9%0J'%9%L'9-24'2,&/#"%"L'8DED'2%22##.'%31'+#0#"-3$'
A##J.'-005.2"%2-3$'24,'>%05,'#)'2,+43#0#$L'2"%3.),":'

Goddard Celebrates 50 Years of Technology Spinoffs 
!HI.-':1'())*'+',$--./-&01'23$4&3.56 
[#&&,&#"%2-3$'24,'\N24'%33->,".%"L'#)'8DED=.'6#11%"1'
E/%+,']0-$42'[,32,"<'24,'W!!'()*+,'4#.2,1'24-.',>,3-3$',>,32'
4#3#"-3$'24,'6#11%"1'",.,%"+4'24%2'4%.'1,>,0#/,1'-32#'./-3T#))'
2,+43#0#$-,.<'%31'4-$40-$42,1'.-$3-*+%32'2,+43#0#$L'2"%3.),"'
.2#"-,.'#>,"'24,'/%.2'*>,'1,+%1,.:'74,'+,0,A"%2-#3'-3+051,1'
./,%J,".')"#&'*>,'/%"23,"'#"$%3-^%2-#3.'%31'W!!'()*+,'.2%))'
%.'9,00'%.'0#+%0'%31'",$-#3%0',+#3#&-+'1,>,0#/&,32'$"#5/.<'
2,+43#0#$L'2"%3.),"'$"#5/.<'-33#>%2#".<'%31'6#11%"1',&/0#L,,.:
 

Ja Hyun "Ashely" Lim poses with her winning artwork while being 
presented with her certificate by Former NASA Deputy Administrator 
and veteran shuttle astronaut Fred Gregory

Rehabilitative Engineering and Assistive Technology 
Society of North America 
!HI.-'(G1'())*'+'?-J'K$&-3.E1'L9I%E%3.36 
74,'@HE8D'D335%0'[#3),",3+,'-.'%3'-32,"3%2-#3%0<'
-32,"1-.+-/0-3%"L'+#3),",3+,'%A#52'2,+43#0#$L'%31'1-.%A-0-2L:'
6#11%"1F.'W!!'()*+,'7,+43#0#$L'7"%3.),"'K%3%$,"'_%""L0'
K-2+4,00'$%>,'%'/",.,32%2-#3'%A#52'24,'[%A0,'[#&/0-%32'O#-32'
2,+43#0#$L'%31'24,'/%2,32'0-+,3.,'A,29,,3'H315"#'K,1-+%0'
7,+43#0#$L'%31'6#11%"1:'74,'0-+,3.,'",.502,1'-3'H315"#=.'
EDK'1,>-+,')#"'45&%3'%31',;5-3,'",4%A-0-2%2-#3<'94-+4'9%.'
&%1,'/#..-A0,'AL'24,'-32,$"%2-#3'#)'24,'[%A0,'[#&/0-%32'O#-32'
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Northrop Grumman Space Technology Forum  
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Patents Issued: 6
System And Method For 
Deriving A Process-Based 
Specification by James Rash 
(Code 585), Christopher Rouff 
(formerly of Code 500), and 
Mike Hinchey (Code 585)

Anti-Backlash Gear Bearings 
by John Vranish (formerly of 
Code 544)

Radiation Hardened Fast 
Acquisition/Weak Signal 
Tracking System And Method 
by Steve Sirotzky (QSS), 
Gregory Boegner (Code 567), 
Luke Winterintz (Code 596)

Conformal Gripping Device 
by John Vranish (formerly of 
Code 544)

Method And Associated 
Apparatus For Capturing, 
Servicing, And De-Orbiting 
Earth Satellites Using 
Robotics (2 patents) by Frank 
Cepollina (Code 442), Richard 
Burns (Code 444), Jill McGuire 
(Code 442), Nicholas Jedrich 
(Code 459), and James Corbo 
(Code 599)

Patent Applications 
Filed: 1
Systems, Computer-
Implemented Methods, and 
Tangible Computer-Readable 
Storage Media for Wide-Field 
Interferometry by Richard Lyon 
(Code 667), David Leisawitz 
(Code 605), Stephen Rinehart 
(Code 665), and Nargess 
Memarsadeghi (Code 587)

New Technology 
Reports: 84
Pupil Alignment Measuring 
Technique & Pupil Alignment 
Reference to support pupil 
alignment measurements 
of instruments or optical 
systems by John G. Hagopian 
(code 551)

Space Environments Testbed 
(SET), Common Carrier 
Assembly Flight Software by 
David Leucht (Code 582)

Tech Transfer Metrics Q>%$5'RI3$0-$'9P'P%EO3&'4-3$'())* 

James Webb Space 
Telescope (JWST) Integrated 
Ground Support System 
(IGSS) R5.0 by Jane Steck 
(Code 583)

A GIS software toolkit for 
converting NASA HDF-EOS 
data products to GIS and 
other geospatial formats 
by Brandon Moore (Aniuk 
Consulting, LLC)

Digital Conically Scanned 
L-Band Radar by Luko 
Krnan (Dynamic Sensing 
Technologies)

Core HSEG Software 
Package by James Tilton 
(Code 606)

Self-calibrating Vector Helium 
Magnetometer (SVHM) by 
Robert Slocum (Polatomic, Inc.)

Hardware for Accelerating 
N-Modular Redundant 
Systems for High-Reliability 
Computing by Keith Bindloss 
(Coherent Logix, Inc.)

Mechanical part marking 
for non-flight sheet metal 
fabrication by Francis 
Rondeau (Code 547)

Continuous Integration Laser 
Energy Monitor by Jeremy 
Karsh (Code 564)

DSILIU—Distributed System 
Integrated Lab Interface User 
by Tom Jackson (Code 582)

DSILCA—Distributed 
System Integration Lab 
Communications Adapter by 
Carlos Ugarte (Code 582)

Design, Fabrication, and 
Assembly of a Carbon 
Nanotube Field Emission 
Electron Gun for Ultra-
Clean, Low-Contamination 
Applications by Stephanie 
Getty (Code 541)

Compiler for Fast, Accurate 
Mathematical Computing 
on Integer Processors by 
Gregory Donohoe (Entempo 
Corporation)

Octet by Andrew DeCarlo 
(Infoscitex Corporation)

NASA TRMM Office Radar 
Software Library in IDL 
(RSL_IN_IDL) by Bart Kelley 
(Code 613)

Bioink for Organ Printing by 
Gabor Forgacs (University of 
Missouri)

Reduced-width YBCO coated 
conductor for adiabatic 
demagnetization refrigeration 
magnets and low heat leak 
current leads by William 
Marshall (Tai-Yang Research 
Co.)

Ultra-low Power (< 100mW), 
64-Channel Pulse Data 
Collection System by Hollis 
Jones (Code 555)

Telemetry and Science Data 
Software System by Lakesha 
Bates (Code 568)

GPS-based attitude 
estimation algorithms for 
use with a single-aperture 
direction-finding antenna 
on spinning platforms by 
Kenan Ezal (Toyon Research 
Corporation)

Target assembly to check 
the boresight alignment of 
LIDARS, Laser Altimeters, or 
any other active sensor by 
Luis Ramos-Izquierdo (Code 
551)

Adaptive Autonomicity For 
Real-time Software by Mike 
Hinchey (Code 585)

Laser oscillator incorporating 
wedged polarization rotator & 
porro prism as cavity mirror 
by Stephen Li (Code 554)

Timeline Management Tool 
software by Perry Baltimore 
(Goldbelt Orca, LLC)

Global Precipitation Mission 
(GPM) Visualization Tool 
for Validation Network 
Geometrically-Matched 
Ground- and Space-based 
Radar Data by Matthew 
Schwaller (Code 587)

Low-Cost, Rugged, High-
Vacuum System by Robert 
Kline-Schoder (Creare, Inc.)

Low threshold, narrow linewidth 
optical parametric generator by 
Stephen Li (Code 554)

Progressive Band Selection 
for Hyperspectral Images by 
Kevin Fisher (Code 587)

End Pumped, High Repetitio 
rate, Ultra-thin Slab Laser by 
Stephen Li (Code 554)

Fabrication of Solar Array 
Elements for Power Collection 
on the Moon by Michael Van 
Steenberg (Code 610)

Aerodynamically Stabilized 
Instrument Platform for 
Kites and Tethered Blimps 
("AeroPod") by Geoffrey Bland 
(Code 614)

2009 NASA Goddard 
Space Flight Center Mentor 
Request/Student Intern 
Program Application by 
Luther Lighty (Code 585)

Null Lens Assembly for X-ray 
Mirror Segments by David 
Robinson (Code 543)

A GIS Software Toolkit for 
Monitoring Areal Snow 
Cover and Producing Daily 
Hydrologic Forecasts using 
NASA Satellite Imagery by 
Brian Harshburger (Aniuk 
Consulting, LLC)

Multiplanar Feature 
Representation by Eric 
Sinzinger (Texas Tech Univ.)

Land Information System 
Software, Version 5.0 by 
Matthew Rodell (Code 614.3)

Mission Operations Planning 
and Scheduling System 
(MOPSS) by Terri Wood (Code 
583)

Crystal Compositions, Trace 
Impurities and Properties of 
Nonlinear Optical Materials 
used for Space Systems by 
Galina Malovichko (Montana 
State University)

Modified Collins Cryocooler 
for Cryo-Propellant Thermal 
Management by John Brisson 
(Massachusetts Institute of 
Technology)

Schottky Heterodyne 
Receivers with Full 
Waveguide Bandwidth by 
Thomas Crowe (Code 410)

Core Flight Software System 
(CFS) Health & Safety 
Applic. Version 1 by Maureen 
Bartholomew (Code 582)

Software for the Automated 
Generation of Finite Element 
Models for X-Ray Mirrors by 
Ryan McClelland (Code 445)

Physics Mining of Multi-
source Data Sets by Homa 
Karimabadi (SciberQuest, Inc.)

Thermally Neutral 
Piezoelectric Ceramic 
Driven Cycloidal Motor and 
Miniature Rotary Piezoelectric 
Stick-slip Motor (ELVs) by 
Matthew Stefanick (Dynamic 
Structures and Materials, LLC)

Goddard Mission Services 
Evolution Center (GMSEC) 
Trending Analysis and 
Plotting System (TAPS) v6.5 
by Sheila Ritter (Code 583)

Wavelength Drift Corrector 
for Wind Lidar Receivers by J. 
Marcos Sirota (Sigma Space)

Computational Laws:  
Normalize- Transpose and 
Consume Simplify Produce 
by Daniel Cooke (Texas Tech 
University)

Low Cost Beamformer 
Phased Array Antenna for 
Sounding Rockets, Missiles, 
and Expendable Launch 
Vehicles by Daniel Mullinix 
(Code 569)

Microgravity Enhanced Stem 
Cell Selection by Jagan Valluri 
(Marshall University)

SeaDAS - SeaWiFS Data 
and Analysis System by Mark 
Ruebens (Code 614)

LIDAR Luminance Quantizer 
by Gerard Quilligan (Code 564)

The ISIM Photogrammetry 
System:  A high-resolution 
PG system that operates at 
35K by Raymond Ohl (Code 
551)

Low-power Reconfigurable 
Data Processing Platform by 
Gregory Donohoe (University 
of Idaho)
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NASA Inventions and Contributions Board Awards 
Tech Briefs Awards
Objective Lens 
Simultaneously optimized for 
Pupil ghosting, Wavefront 
Delivery and Pupil Imaging 
by Gene Olczak (ITT Space 
Systems)

Zn0 UV Detectors by Henry 
White, Yungryel Ryu, and Tae 
Lee (all of MOXtronics, Inc.)

Turbo Tech Technical 
Evaluation Automated 
System by Dorothy Tiffany 
(Code 490)

Efficient Kriging Algorithms 
and their Application to 
Image Fusion by Nargess 
Memarsadeghi (Code 587)

Enhanced surface spray 
cooling with Poco Foam 
surface enhancements by Eric 
Silk (Code 552)

Dual Channel Multi-Purpose 
Telescope for Astronomy by 
Joseph Howard and David 
Content (both Code 551)

Range Safety Algorithm 
Software Module for an 
Autonomous Flight Safety 
System by James Simpson 
(Code 552)

Cryogenic Chamber for 
Servo-Hydraulic Materials 
Testing by James Tuttle and 
John Francis (both Code 552)

PortOSim - A Portable Object 
Simulation Application for 
Launch Range Systems 
Conceptual Design, Analysis 
and Test by Raymond Lanzi 
(Code 598)

Range Safety Algorithm 
Software Module for an 
Autonomous Flight Safety 
System by Raymond Lanzi 
(Code 598)

Apparatus for Measuring 
Thermal Conductance 
Through a Thin Sample from 
Cryogenic Temperatures to 
Room Temperature by James 
Tuttle (Code 552)

Multi-Mission Three Axis 
Stabilized Spacecraft 
(MTASS) Attitude 
Determination and Sensor 
Calibration System by Richard 
Harman (Code 584)

Project Task Tracking Portal 
by Susan Semancik (Code 
584)

Goddard Mission Services 
Evolution Center (GMSEC) 
Environmental Diagnostic 
Analysis Tool (GEDAT) v1.1 by 
Sharon Osborne (Code 583)

Miniaturized Airborne Imaging 
Central Server System by 
Xiuhong Sun (Flight Landata, 
Inc.)

Radiation-Tolerant, Space 
Wire-Compatible Switching 
Fabric by Vladimir Katzman 
(Advanced Science and Novel 
Technology)

Lotus Dust Mitigation Coating 
by Wanda Peters (Code 546)

Pulsating Deionized Water 
Precision Cleaning System by 
Michael Wilks (Code 590)

ExPRESS Logistics Carrier 
Suitcase Simulator Software 
by Kevin Phillips (Northrop 
Grumman)

Modified Nanostructure Mirror 
Diffraction Spoiler Design by 
Edward Wollack (Code 665)

APS-143 radar/SureTrak 
Interface Software by Ted 
Daisey (Code 589)

Advanced Planetary 
Atmosphere-Magnetosphere 
Mass Spectrometer 
(APAMMS): ASTID Funded 
for Europa by Edward Sittler 
(Code 673)

Optical Coating Performance 
for Heat Reflectors of JWST-
ISIM Electronic Component 
by Robert Rashford (Genesis 
Engineering Solutions)

Enhanced PBO Fiber 
Reinforced Balloon Envelope 
Materials for Titan Aerobots by 
Robert Kovar (Infoscitex Corp.)

Image by Ja Hyun "Ashely" Lim of Glen Burnie, 
Maryland, winner of Goddard's 50-Year Spinoff Art 
Contest (see details on page 12)

The Corner Cathode: Making 
Collimated Electron Beams 
with a Small Number of 
Electrodes by Federico 
Herrero (Code 553)

Airborne CO2 Analyzer and 
Hygrometer Approach for 
Maintaining Performance 
Throughout Flight by Jeffrey 
Pilgrim (Vista Photonics, Inc.)

Resolution enhanced pseudo 
random code technique by 
Stephen Li (Code 554)

Broadband Achromatic 
Phase Shifter for Nulling 
Interferometer Using 
Dispersive Elements by 
Matthew Bolcar (Code 551)

High Precision Pulse 
Generator by Richard Katz 
(Code 564)

Advanced Spacecraft 
Integration & System Test 
Software (ASIST), Front End 
Data Systems/Digital History 
Data Store Software (FEDS/
DHDS) by Thomas Green 
(Code 583)

A Quantum Well Infrared 
Photodetector (QWIP) Focal 
Plane Assembly for the 
Thermal Infrared Sensor 
(TIRS) instrument on Landsat 
Data Continuity Mission 
(LDCM) by Murzy Jhabvala 
(Code 550)

NASA TRMM Office Radar 
Software Library by David 
Wolff (Code 613)

Titanium Alloy Strong Back 
for IXO Mirror Segments by 
Byron Glenn (Code 543)

Solid-State Spectral Light 
Source System by David Dana 
(HOBI Labs, Inc.)

Automated Mission Planning 
and Scheduling System 
(AMPS) Version 2 by Dave 
Ripley (Code 583)

Middleware Benchmarking 
and Performance Tool 
Suite for GMSEC by Robert 
Antonucci (Emergent Space 
Technologies, Inc.)

Dynamic Time Multiplexing 
Fabrication of Holographic 
Polymer Dispersed Liquid 
Crystals for Increased 
Wavelength Sensitivity by 
Adam Fontecchio (Drexel 
University)

Expedite the Processing 
of Experiments to the 
Space Station (ExPRESS) 
Logistics Carrier (ELC) 
PROM Software by Dan 
Berry (Code 582)

Integrated Modeling 
Environment Process 
Simulator by Paul Matthew 
Stone (Code 592)

Compact high energy, 
single mode laser and 
method by Steven Li (Code 
554)

Pyxis: A New Tool for 
Interplanetary Mission 
Design by John Downing 
(Code 595) !

Software Release 
Awards
GPM Software by Kenneth 
Morris (SAIC) and Matthew 
Schwaller (Code 581)

DSIL Communications 
Adapter Set by Eric Lidwa 
(SGT), Jai Song (OSC), and 
Jonathan Wilmot (Code 582)

Coldfire SDN Hardware 
Diagnostics by Dwaine Molock 
(Code 582)

Turbo Tech Technical 
Evaluation Automated System 
by Dorothy Tiffany (code 490)

Space Act Awards
Method For Implementation 
Of Recursive Hierarchical 
Segmentation On Parallel 
Computers by James Tilton 
(Code 606)

Passive Gas-Gap Heat 
Switches For Use With 
Adiabatic Demagnetization 
Refrigerators by Peter Shirron 
and Michael DiPirron (both 
Code 552)  !
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Lunar 
Reconnaissance 

Orbiter

Smoke rolls across Launch Pad 41
at Cape Canaveral Air Force Station
in Florida as the Atlas V/Centaur
rocket topped with NASA's Lunar
Reconnaissance Orbiter (LRO) and
NASA's Lunar Crater Observation and
Sensing Satellite (LCROSS) lift off

On Launch Complex 41 at Cape Canaveral Air Force Station in 
Florida, workers inside the mobile service tower prepare the LRO 
and LCROSS for mating inside with the Atlas V rocket

LRO's first moon images taken by the
Lunar Reconnaissance Orbiter Camera (LROC)

All photographs in this publication 
are credited to NASA unless 
otherwise noted.


